Objective: The purpose of the study is to perform an analysis of the relationship between sex discordance and risk of breast cancer in female twins in the United States.
Introduction
Breast cancer remains a major public health problem and its incidence is expected to rise over the next 20years despite various efforts to prevent it (Arnold et al., 2013) . This is not surprising because there has been a reported rise in major risk factors of breast cancer in several countries (Howell et al., 2014) . The increased risk factors include; obesity, alcohol consumption, inactivity, early menopausal age and late menopausal age. According to Ma & Jemal (2013) , breast cancer is the most commonly diagnosed cancer (excluding skin cancer) and the second leading cause of death following lung cancer amongst U.S. women. Sharon et al., (2012) reported that the incidence of breast cancer in men and women is 0.8% and 99.2% respectively. The influence of exposures at different stages of life as well as genetic factors may increase a person's risk for breast cancer. These factors act prenatally, in childhood, puberty and reproductively. Many of these are hormonal and/or nutritional, making them very difficult to measure (Howell et al., 2014) . Few researches have been done to ascertain the effect of twin birth on breast cancer. It has been shown that, there is an association between circulating androgens and risk of breast cancer (Hui -Chen, 2011).
Women with BRCA1 and BRCA2 mutation have about 87% lifetime risk of developing breast cancer (Palmet & Writer, 2004) . Hamilton & Mack (2000) , followed identical twins prospectively to find new cases of breast cancer. They found that, cancer incidence was much higher in twins whose mothers had been diagnosed of breast cancer than twins who whose mothers do not have breast cancer. Genetic effects will be important if a twin study shows likelihood of cancer is higher in monozygotic twins (who share all genes) than among dizygotic twins (who, on average, share 50 percent of their segregating genes). However, if the concordance is analogous in both types of twins, shared environmental effects are probably more important (Lichtenstein et al., 2000) .
Some studies have been done on the association between intra-uterine variables and risk of breast cancer. For instance, the association between birth weight discordance in twins and risk of breast cancer has been done in the following studies. A case control study in Sweden by Ekbom et al. (1992) showed a positive association between twin birth weight and breast cancer. There was also a positive correlation shown between twin birth weight and risk of breast cancer before 50 years, in a population based, casecontrol study in Washington (Sanderson et al., (2000) . Zech and his colleagues in 2008, reported some relationships between sex -discordance and certain genetic diseases. Hajiebrahimi et al., (2013) , in a cross-sectional study reported risk of breast cancer in opposite-sexed twins. Nevertheless, to our best of knowledge, just a few published studies have been looking into sex discordance in twins and risk of breast cancer.
Does malefemale twin pairing increase risk of breast cancer? How common is breast cancer in same sex twins as compared to twins who are discordant for sex? What factors may increase the risk of breast cancer in malefemale twin paring. These are some of the questions our research seeks to answer.
Methodology

Sample
We analyzed twin data from the Washington State Twin Registry (n= 14,462), and the study was approved by the University of Washington Institutional Review Board. Informed Consent was obtained from all participants. The information used for this research is primarily obtained through the Washington State Twin Registry (WSTR). The WSTR sends a snail mail or email to twins who are identified via Department of Licensing (DOL) or request an invitation through the registry's website. Interested twin pairs are invited and once they consent to participate, they are enrolled into the registry. The study uses a cross-sectional design. Contained in the survey are items on sociodemographic characteristics, habits, healthcare use, physician diagnosed health conditions, standard psychiatric measures and measures of physical health.
Primary measures
Variables collected include breast cancer (dependent variable), sex pairing (independent variable) sociodemographic characteristics of twins in this study reporting their gender, age, weight, zygosity, sex concordance, age apart and Body Mass Index. Breast cancer was determined by asking questions like "have you ever been diagnosed of breast cancer? Sex Discordance (SD) in twins is defined male -female twin pairing. SD was determined by asking the twin the sex of the other twin.
Statistical Analysis
Analysis of data was done using the IBM SPSS Statistics for Windows, version 24.0. Data was checked the data for errors, duplicate entries, and retrievable missing data. Data clean up analysis was performed twice via checking frequencies to ensure the validity of data. In cases where the error was found, verification was made by referring to the questionnaires.
The safety of the data was guaranteed by using coding system, making backups and keeping the data in a safe place. We conducted a descriptive analysis of all the variables. An independent Ttest was done for continuous variables such as age, age apart and BMI. Chi-square test was used to determine relationship between variables. The primary effect of interest was the relationship between sex discordance and breast cancer. Other variables such as race, weight, BMI, age, age apart were also included in the analysis.
A Generalized Estimating Equation (GEE) modelling was done to determine the relationship between twin pairs and other variables of interest. GEE takes the cluster nature of twins into account since twin data is paired (Wang, 2011) . The primary focus of this is the relationship between sex discordance and risk of breast cancer.
Heritability of breast cancer was calculated using the formula 2d/ (2d+b+c), where d is the number of concordant twins and b, c is the number of discordant twins for breast cancer.
Probandwise concordance was calculated for monozygotic (MZ) and dizygotic (DZ) pairs. The variable is considered heritable, when probandwise concordance is higher in MZ twins compared to DZ twins (Jahanfar, Lye, & Krishnarajah, 2011). 
Results
Bivariate Analysis
The study participants were divided into two groups (n=338) and without breast cancer (n= 14124). We examined the relationship between breast cancer and sex concordance, age, age apart, BMI, sex pairing and zygosity. We found a statistically significant association between breast cancer, age, BMI, sex pairing and sex (p<0.05) ( Table 2 ). There was no statistically significant relationship between race and breast cancer. . There was a statistically significant relationship between breast cancer and BMI with an almost equal prevalence in breast cancer between participants with BMI below 25 and those with BMI 25 and above. A greater percentage of twins who were discordant for sex (2.4%) had breast cancer than those who were concordant for sex (1.6%). The prevalence of breast cancer was higher in dizygotic twins (2.1%) than monozygotic twins (1.5%).
Generalized Estimating Equation (Gee)
A GEE analysis was done to predict the odds of breast cancer in female-female twin pairs and male-female twin pairs. Being a female-female twin pair increased the odds of breast cancer by 34% The National Institute of Health, (2018), defines heritability as the extent to which differences in people's genes account for differences in their trait. The probandwise concordance was higher in monozygotic twins as compared to dizygotic twins. The values for dizygotic and monozygotic twins were 4 and 17 respectively.
Discussion
Sex discordance was found to be associated with risk of breast cancer in twins. This finding is in line with a study by Hajiebrahimi et al., (2013) , who reported risk of breast cancer in oppositesexed twins. Key et al. 2002 , explained that, there is an association between circulating androgens and risk of breast cancer. When female twins in opposite-sexed twins are prenatally exposed to androgens from their twin brothers, these females may be at risk of cancer (Zeleniuch-Jacquotte et al., 2012) Androgens interact with estrogens through competitive binding, to sex hormone binding globulin, in female twins with male co-twins in utero (Glinianaia, Magnus, & Harris, 2001) .
Monozygotic female twins were found to have lower risk of breast cancer than dizygotic twins.
This finding is in accordance with a cohort study done in Finland using 13,176 twins obtained from Finland twin registry to figure out breast cancer risk in monozygotic and dizygotic twins.
This study found that compared to dizygotic twins, monozygotic twins have decreased risk of breast cancer (Verkasalo, Kaprio, Pukkala, E, & Koskenvuo, 1999) . We found that twins with lower BMI were at a lower risk of breast cancer than those with higher BMI. This is in line with findings of Kaijser et al., (2001) , who found increased risk of breast cancer in twins with higher BMI. Mansell, Sprague, Berry, Chisholm, & Trentham-Dietz, (2014), explained that this association is seen in women with hormone receptor -positive breast cancer (has receptor for estrogen) but not in women with hormone receptor negative breast cancer (has no receptor for estrogen).
From our study, the probandwise concordance for monozygotic twins was higher than that of dizygotic twins. Breast cancer is therefore considered heritable. This is in accordance with Moller at al., (2016) , who analyzed data from Nordic Twin Study of Cancer to estimate the familial concordance and heritability of breast cancer between monozygotic and dizygotic twins.
Their findings indicated that familiar factors explain almost half of the variation in liability to develop breast cancer.
Limitations of the Study
The study demonstrated statistically significant relationship between sex discordance and risk of breast cancer. However, a variety of factors may have imposed limitations on the results. First, the use of self-reported data has the potential of introducing recall bias and social desirability.
Second, the use of cross-sectional study design does not allow us to make conclusions of a causal nature.
Future Study
More studies should be done on how common gene variations (small changes in genes that are not as significant as mutations) may affect breast cancer risk. Also, intra-uterine conditions that predispose twins to cancers should be given more attention.
Conclusion
This study used data from Washington Twin Registry to figure out the relationship between sex discordance in twins and risk of breast cancer. The study found a positive correlation between the said variables though other variables such as zygosity, BMI and age can influence breast cancer diagnoses.
